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MISS RAKCHANOK INTHARASUKSRI : DEVELOP
DEVICE FOR DETERMINATION OF NITRAGENSHDNIRE
ON DISTABKE=D MICROFLUIDIC PAPER THESIS AL
KHEAWPUM, Ph.D.

Microfluidic jpaped measuring devices (UF#€3s) ltavd
fabricated to determine nitrate and nitrite ion in Tiee (gRBIsC
formed by-$doe&n printing with beeswax and the amount o
based on the distance of color development using a Griess
analysis, the nitrate ions wereritenvagduy inkngitZn as a
Calibration graphs were created for the distance values an
nitrite ions in the rant@0dd 2@ndl £20.0 nmol respectively. The
used to exaanitetdh and nitrate ions in GSR collected from tf
the cartridge cases. The amount of nitrite and nitrate in G
compared to those measured by the ion chromatograpiayy.
usingTEst, quantification of the difference efficiency did not
the 0.05 I&éhelgood correlations between the two data sets v
nitrate contents with the merisd® @8Ffand 0.934 for the r
respectively. The pPADs developed in this study has the
investigations as a rapid screening test for gunshot residue
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4. ®A 6 a QOe | UA e 6 a Aok ehibrdatodrapByXIB)a & 6 y /
AGA AUOH Linearity)

Léaaeesaaeeaaa” ”"'%Meoal@ﬂf@o@ﬁﬁ@é(beﬁ aeéééé

eoaaenaeoaaUyOaQ OoEOoaoEro b1

AeocayA-|Uas6 ao roaEans | Ayl acia)

a60aN@N){ (nmol) (LS*min) (SD)
10 0.25 0.1084 0.0271
15 0.375 0.1698 0.0188
30 0.75 0.3184 0.0174
50 1.25 0.5384 0.0217
100 2.5 1.0951 0.0069
200 5 2.1642 0.0197
400 10 4.0504 0.0110

PV ~7 A

a6 Oa N quoakg Ol a miodo B4 &y @@ & a A 6
@Oy = 0.41R 285 0.9983

Fuitldda (US*min)
- o - N w 'S wn

& 6 REPEEEARIET AGRABAN Eémm@\@.ﬂmlis*mmpe fi

A, 0~

UadaomidlEaulUy Oa @
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e 0aeaeinaedaa Ué0a®° OoEOoaoEro t K
HAAI10400 uM

AeoayA- Uadadaé AFaaalRd | Ay add

a6 0aN&M) (nmol) (LS*min) (SD)
1 0.025 0.0027 0.0002
3 0.075 0.0084 0.0007
5 0.125 0.0143 0.0011
15 0.375 0.1054 0.0037
30 0.75 0.2830 0.0041
100 2.5 0.8960 0.0047
200 5 1.6285 0.0014

a6 0a N6 (e dipeit Doz @rsh 6 Rd B8R Bad e a Ao

B0 y = 0.33R A 0.9966

2

1.5

fuilaiia (1S*min)

1 2 3 4

unlulesy (nmol)
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4.8 G U8B Precision)

yaeoa&ed&oa@AHD Oa N@Mﬁ)“ﬁﬁ)ﬂOM&uM
A 8,100,200 pMy &2 C 6 OG:ZQE/ A 210 A RApACEHARARNAR 26 (A e
eoy Aa d@h&ﬁsﬁcﬁ%ﬁeﬁkﬂwﬁx%m@p OEY &
Oo ECB & Eigio ¢

Uad ao(
(hmol)

0.75

2.5
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Vagél EOOé 04aeefaoayYeé udiand aMs A aef
O 6 a AGRa D FEisipH Crea RBBAR UG ed BCGIR0
ACRQ GhFa(n=1 eI BCGN)(SDASLOBeSLOQ 0 E (50 4 6 E@ 6

i 3 %)) RABRAOGA(US*min  REAEKREEHA S min
1 0.0016 0.0008
2 0.0006 0.0004
3 0.0006 0.0007
4 0.0006 0.0005
5 0.0010 0.0005
6 0.0010 0.0006
7 0.0014 0.0003
8 0.0008 0.0002
9 0.0007 0.0003
10 0.0005 0.0005

Jis ) 0.0009 0.0005

Ao céaEy 0.0004 0.0002

LOD 0.0027 0.0017

LOQ 0.0091 0.0058
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Aaﬂmaéed\o alae EC@@E@O@@)E,&@Q:C B A eef
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ObddB@Aa60aUYy OadAxeinaladIBABOOE6

AN

(UPAREefi y DAUG AZC)T T UaAaasadAaoad

el ..oc... |U&a06 a6 Uaod aqral)
U @ BB IC UPACD  IC UPAD
1 i ®0Eag - - 0.14 -
i ®0Eage - - 0.23 -
5 i 20 Eé&ag|l 0.0060 - 0.11 -
i 20 Eag| 0.0390 - 0.26 -
3 i&b?éz - ) 0.74 -
i ®0Eag - - 0.20 -
4 iab?éz ) . 0.49 .
i ®0Eag - - 0.18 -
. i ®0Eap - , 0.20 -
i ®0Eag - \ 0.34 -
5 i&é?éz J : 0.11 -
i ®0Eag - - 0.18 -
. iab?éz . : 0.12 -
i ®0Eag - - 0.15 -
o i &0 I:Eé %) - - 0.19 -
i ®0Eago - - 0.14 -
9 i%b?ég - - 0.12 -
i ®0Eag - - 0.09 -
10 i &0 I:Eé\ %) - - 0.10 -
i ®0Eagwo - - 0.11 -
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1 UB AARIRYL o e a9l 1066 | 13.60
9mm

1 gYU& A3A8 AN 239 | 335 1625 | 13.60
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L QUET AARRABRYL o0 | S el 1097 | 901
9mm

g g U@ AARSRYL o0 | 1070 1103 | 13.60
9mm

L gU® AAGBRBIL on | 539l 1604 | 13.60
9mm

1 7Y% A3A8 AR 36| 639|456 | 4.82
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O 6 4 gdredlSémples Statistics

Paired Samples Statistics

Mean| N Std. Deviat Std. Error M

Pair] ICNO | 11,532 10 11.91633 3.76827
PAD NG 7.001¢ 10 4.57745 1.44752
Pair 2 PAD NC 22.808 10 35.54009 11.23876
IC NO | 25.47¢ 10 37.0406 11.7133

O 6 4 ®dredlSamples Correlations

Paired Samples Correlations

N Correlati  Sig.

Pair 1 IC N@& PADNO 10 934 .000

Pair 2 PAD N®IC NO 10 995 .000




O 6 4P dirétl DiffefEhess

Paired Differences
95% Confidg Sig.
Stc_" S| nterval of tf ¢t df | (2
Mear Deviat| Error Difference tailed
n Mea
Lowe| Uppel
Pail
1 4531 7.810 2.469 -1.05¢ 10.11{ 1.834 9 .100
Pail )
5 2.664 3.792 1.199 5.387 .044 | -2.22% 9 .053

EoAYaeraeGSI?S%aonl °0-eaalaAAaa

s
NG
Ay

3 Ak

éééOﬁNéUyEéEéXGC")c“)

H:J=IJA 6 4 é&dVy Aaon uPARA

IC)

H)L;uL;(AoaeoyAaonuP

N O

_“B

—_—aA e

i BGegadi (Pairl@ N@ PAD

AANGEFG PeE Bl bl ea '~::::~‘”W@(MPAD)
: on chromatography (IC)

i 5@3@18%&3&9 0.1
a#edl)\pe@eﬁéﬁmﬁ%“éaﬁl%u i agi A6aedyAacii
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Aserfadi SPadaN B i BGegfadi (Pairl@ NG PAD

NG

Ay %A@mmmwm&ﬁemﬁ(ppm)
1 AADAGERGT edld Hon chromatography (IC)
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aAa0aA6ai - 6ET 0 E

Ataide, V. N., Mendes, L. F., Gama, L. |., de Arau&ledtriachs

papbased analytical devices: ten ydaralyi chd e kifadcint
1054.

Bhakta, S. A., Borba, R., Taba Jr, M., GatciaD&tddmidaiianil
in saliva using microthaiskdipbpieal déviabdica chimiga a
112 2.

Cate, D. M., Dungchai, W., Cunningham, J. C. 2VioBkapke,J.,
distadzzsed measurement for papek @inalyte &l3ip2eesg7

Cromatrtie,, RVardlow, A., Duncan, G., & Mo@aopthBnént(of a |
devigePADs) for forensic serolégiehttaahlygimos D 5 .

Ferreira, F. T., Mesquita, R. B2 & Rangehitrobajgthesed anal

devicePADs) for the determination of nitrate anichiatbEe
121183.

Gardrobledo, E., Corzo, A., & Paphspyramdi(ect spectropl
method for the sequentialfdetertaiaatanitrite at low conc
volumikarine Chems@y 6 .

Giustarini, D., Rossi, R., MilZaonns2 1& @alite .and nitrate mee
Griess reagent in human plasma: evahdstandanditefbo
in enzymaleges B 0 .

Martinez, A. W., Phillips, S. T., Butte, M. 2.0 ithitestdpap&
platform for inexpevnsivemdoportable Arapssapsdie, Clesn)
1 314304 2 .

Mibalski, R., & Kuezgddgte(mination of Nitrogen Species (Nit
Ammonia lons) in Environmental Sample® blstoddtinnai
Environmentali$udjes

Mizokami .4 &Sliide to Every Type of Gun
https://www.popularmechanics.coméniilitasybmsapkns/a

Morsi, Y. M. M. 2.0RD& B{xchange Chromat&yvaphgw



https://www.popularmechanics.com/military/weapons/a19138318/how-guns-work/

https://www.intechopemcara/ohapters/

Pol, .56®0) i 61 BIEAAzEAMANOE&EA Uo U
https://nidapoltmElaaey detail?survey id

Selin, Ho(Ergyclopaedia of the history of science, techmesbel
cultur&dpringer Science & Business Media.

Tan, J. F., Anastasi, A., 2 CBRahacignical Detectiiitritd Almir
Ammonium-$iteowater Quality améortiri@pinion in Elegt
100926.

Thongkam, T., & Hemavibaodnkironmentally friendly mbheasstl
analytical device for simultaneous oblutriestricldat esttigon
produddscrochemical Jcuened 4 1 2 .

Thongkam, T., Rungsirisakun, R2 & Bamavibdaiséd @nalytic
using UV reskpsctiegior the determination of Aamaigdéiniu
Methon@ 348644695 6 .

TIAWTRAGUL, O., & Choosakp@EFBRIMIBIATION OF NITR
NITRATES IN GUNSHOT RESIBAGSBYB/RARER
University].

Yates, E., & Yateslohghn Peter Giies® ®RE(ian brewer and
dye chehates and Records: the Royal Society Journéd,
65 1.

Ueée 6 04 &yt OB GRaEy Okd OEAGa6ag Aa6aD!
Pathumwan Acaderig3sirnal

U a a205p@adoy @6 i U o 6 Aabatsastitl (ECRah caiehn
https://www.thairath.co. chSQdD[Z/KDIGJSBue/

6 MG 6 vaanadaaF 6 & & 6B DA : :
Ae-1EUg Uaba xsz»éctfmphce‘tmﬂca[re@matm
Gunshot Residues Obtained friikUneeSaarBaidel)rnal (!

Studiagps P 7 .
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m@aﬁ O(aszmm)

Ae 6 agM— 2 3 iy SD
0.01 | 0.000] 0.0004 0.0009 0.0005 0.0002
1 0.002{ 0.0024 0002¢ 0.0027, 0.0002
3 0.009] 0.0084 0.007¢ 0.0084] 0.0007
5 0.013¢ 0.015¢ 0.013¢ . 0.0142| 0.0011
15 0.1071 0.1011 0.107] 01054, 0.0037
30 0.278( 02831 0.286¢ 02828 0.0045
100 | 0.890{ 0.897] 0.900( 0.8960, 0.0047
200 | 1.6274 1.630( 1.628( 1.6285| 0.0014




66 » KR IER ftasth AT B0 st Lo
AafnéuUUgU

e Cd

CE:7:7 O

AR S min)
2 3 Rfod

SD

blank

0.00;

0.003 0.003 0.003]

0.0004

AN

20 E a |

0.01(

0.006 0.012 0.0096 0.0032

\I

20 EAa:q

0.014

0.013 0.013 0.0130 0.0005

blank

0.003

0.004 0.003 0.003f

0.000:

20 E a |

0.00¢

0.008 0.007, 0.008:

0.000:s

20 E A

0.014

0.013 0.014 0.014:

0.000

blank

0.00/

0.005 0.006 0.005:

0.001!

20 FE a

0.03¢

0.034 0.036 0.035]

0.000:¢

20 E a |

0.014

0.012 0.012 0.013:

0.001¢

blank

0.007

0.003 0.003 0.004¢

0.002

20 E a;

0.02]

0.023 0.024 0.025(

0.0021

20 E a |

0.01¢

0.012 0.007, 0.012:

0.004-

blank

0.004

0.003 0.004 0.004:

0.000¢

20 E a

0.013

0.011 0.012 0.012]

0.000°

20 F a

0.023

0.01¢ 0.015 0.018;]

0.004:

blank

0.001

0.005 0.007, 0.007(

0.001:

®e0 EAai

0.017

0.012 0.010 0.011¢

0.0011

20 EAa:q

0.014

0.014 0.013 0.014¢

0.001]

blank

0.00¢

0.00¢ 0.006 0.0064

0.000:+

20 E a |

0.017

0.011 0.010 0.011:

0.001!

20 E a |

0.01]

0.009 0.009 0.012:

0.004¢

blank

0.00¢

0.005 0.005 0.005¢

0.000]

®e0 EAa;

0.013

0.013 0.013 0.013!

0.0004

20 EAa:q

0.01(

0.01| 0.014 0.011

0.0021

blank

0.004

0.004 0.003 0.004!

0.001(




| &0 Eal0.014 0.009 0.003 0.009] 0.005!
| 0 Ea{0.00] 0.008 0.012 0.008] 0.004
blank | 0.004 0.006 0.0068 0.005( 0.000:
10 | @0 Eal001( 0.011 0.00¢ 0.010; 0.001]
| %0 Ea /0,014 0.012 0.001| 0.010( 0.008!
Ueaei AA AT
AR 514 0. | 866( 0.
11 % o | 1514 0575 0,510 0.866{ 0562
Ueel AAadf
P AARAN 307 1.20¢ 1. 3211 0.032]
12 A Uaee | 1307 1.29¢ 1358 1.321¢ 0.032
Uaei AAAaT
13 % Do | 1191 1,187 1186 11881 0.002
Ual AAads Y <
14 X g | 1059 1.05¢ 1,058 1.054{ 0.003
Ueaei A A a5i
[ I 4
15 o | |10.962 0.966 0,978  0.970! 0.007
Uaei AA a6
AR 408 1. 393 1.391( 0.014:
16 : o | 1408 1377 1.398 1.391¢ 0.014
Uaei AAAT
PAAC 18 0. | 1941 0.019¢
17 A Uaeo | 018 0.185 0216 0.194! 0.019
19 | UETAAAB ) aa) 1814 1.830 1.826( 0.010!

A Ugmo:




Uael AAAR ] |
19 K U520 10.57 10.53} 10.56! 10.56(4 0.020:
Usel AAAT ,
20 A U450 1.15€¢ 1.175 1.182 1.171] 0.013¢

E‘  fer ,,.,3--“,.,5‘ TA,mN,l"l,E AElA!“CA‘ ﬁ‘ S
Uself AAafnéeuUUg U

E D). Uuaoabo U468 46

N A y. (nmol)
eC|l @ ) \(u?*rﬂnm)l R E6 U (nmo_l) |
* 0 baakl y = 0412 *non diluti
. i 20 Ea 0.0059 0.0143 0.1431
i 20 Ea 0.0093 0.0226 0.2256
5 ie.e0Ea 0.0046 0.0112 0.1116
i 20 Ea 0.0106 0.0257 0.2572
3 i 20 Ea 0.0305 0.0741 0.7407
i 20 Ea 0.0082 0.0199 0.1989
4 i &0 Ea 0.0204 0.0495 0.4949
i 20 Ea 0.0074 0.0180 0.1795
. i ®0Ea 0.0083 0.0201 0.2014
i 20 Ea 0.0142 0.0344 0.3445
6 i &0 Ea 0.0046 0.0112 0.1116
i 20 Ea 0.0076 0.0184 0.1844
. i 20 Ea 0.0049 0.0119 0.1189
i 20 Ea 0.006 0.0146 0.1456
8 i 20 Ea 0.0077 0.0187 0.1868




5]

i ®0EaA 0.0059 0.0143 0.1431

9 i ®0 E A 0.0048 0.0116 0.1164

i ®0 E A 0.0039 0.0095 0.0946

10 i ®0 E A 0.0043 0.0104 0.1043

i ®0 EaA 0.0047 0.0114 0.1140
Uae! AAAi

11 1A U9 0.8669 2.1321 10.6604
Uae! AAAai

12 & 0286 1.3215 3.2501 16.2506
Uesel AAai

13 24 (%516 1.1884 2.9228 14.6139
Uae? AAai

14 24 (e 1.0548 2.5943 12.9714
Uael AAAai

15 A U 0.9705 2.3869 11.9347
Uesetl AAai

16 6A (%6 1.3772 3.3871 16.9356
Ueset AAai

17 & 0886 0.1855 0.4562 4.5622

19| VRN AAATL ) gayg 45123 | 225615

8A Ugmdn




Usel AAai

~ Vd ~ . ] L] Z

19 oA U726 10.577 26.0133 130.066
Usel AAa&i

20 1R U450 1.1564 2.8441 14.2204

66 2 KB el ARk B 0 st
AafnéuUUgU

TN AABREL K 1S *min)
e C( @& ki 1 s 3 | A | SD
blank 0.000 0.000 0.000 0.000/ 0.000
1 i ®0Eal - - - - -
i e0Ea| - - - - -
blank 0.000, 0.000 0.000; 0.000{ 0.000
2 i ee0 Ea/| 0.001 0.000 0.000 0.000{ 0.000
i &0 Ea{ 0.001 0.001 0.001 0.001] 0.000
blank 0.000f - 0.000 0.000; 0.000
3 i ®20Ea| - ; . - -
i 20Eal - - - - -
blank 0.000, 0.000 0.000; 0.000; 0.000
4 i e0Ea| - - - - -
I &0 E a | - - - - -
blank 0.000 0.000 0.000 0.000{ 0.000
5 i ®0Eal| - . - - -
i &0 E a | - - - - -
blank - - - - -
6 i e0Ea| - - - - -
i ®0Ea| - - - - -
7 blank - - - - -




i 20 EA4|

iae(‘)Eéf

blank

i 20 E 4|

I aec‘)Eé,‘

blank

i 20 EAa|

\I&(\)Eéf

10

blank

i 20 EAa|

i 20 E 4

11

Ueei! AAA
A UInmd

0.870

0.315

0.287

0.491

0.328

12

Uaeil AAAan
A U8B0

0.486

0.484
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